Introduction

49
Inshore fisheries resources that support small-scale coral reef fisheries are in decline (Newton et ability to achieve these short-and long-term fisheries and conservation objectives. 
99
To assess empirically whether PHC practice matches theory, we developed a framework to assist 100 future research in both conceptualizing and assessing the potential multiple benefits of PHCs for 101 fisheries and conservation management. The aim of this framework is to deconstruct the variety 102 of potential effects of periodically harvested closures (more numerous and complex than NTMRs 103 due to harvesting regimes) and present the associated experimental design and effect sizes that 104 are needed to quantitatively assess their magnitude. We then reviewed the literature and available 105 unpublished data to gather a comprehensive database to quantitatively assess the ability of PHCs 106 to provide short-term fisheries benefits to local communities. We hypothesized that PHCs would 107 provide pre-harvest protection benefits as evidenced by a greater abundance and biomass of 108 targeted fishes within their boundaries, but that these benefits would not be observed post-109 harvest due to removal during harvests. Finally, we assessed which factors contribute to short-110 term fisheries and harvest benefits and predicted that PHCs which are larger, closed for longer 111 periods or well enforced would provide increased benefits.
112
Materials and Methods
113
Analytical framework 114 We developed hypotheses, effect sizes and sampling designs to assess eight potential social-115 ecological benefits (indicated with italicized text) derived from PHCs (Table 1) . We use the 116 terminology "PHC" to refer to areas within a periodically harvested closure and "Open" for areas 117 outside of the PHC, in which fishing is always allowed. Pre-harvest protection benefits result evaluates the ability of a PHC to increase fish stocks compared to NTMRs. Finally, the 130 sustainability of periodic harvest practice assesses the ability of PHCs to maintain all of these 131 benefits over the long term.
132
Literature search 133 We performed a literature search of published information to assess the eight benefits in Table 1 .
134
Single and combined terms were used to search all databases of the ISI Web of Knowledge and
135
Google Scholar for literature on PHCs (see search terms in Table S1 ). A total of 85 publications 136 had information on an area that had been harvested after being closed to fishing. The reference 137 lists of these publications were examined to identify additional studies (mostly grey literature) 138 that were not found in the initial literature search. This identified an additional 40 studies, giving 
Selection criteria and data evaluation
143
Selection criteria were established to ensure that the data could be used to quantify at least one of 144 the potential benefits of PHCs (Table 1) : (i) studies must have collected abundance and/or 145 biomass data inside and outside of a PHC; (ii) PHCs needed to be strictly no-take when closed to 146 fishing; (iii) control sites must have been located in areas that were continuously fished; (iv) data 147 collection methods had to be standardized inside and outside of the PHC, before and after the 148 harvest and fisheries independent; and (v) adequate statistical information had to be provided, 149 including number of replicates (transects), means, and error estimates. A total of 11 studies
150
(including the 5 unpublished datasets) met these criteria. All but one presented information on 151 coral reef fishes, thus we restricted analyses to coral reef fish in 10 PHCs (Table 2) . Insufficient 152 replication within existing empirical datasets constrained our ability to assess the ability of PHCs 153 to deliver protection benefits, allowing us to address only 3 of 8 questions posed in our analytical 154 framework (Table 1) : thus we only assessed the effectiveness of PHCs to deliver pre-harvest 155 protection, harvest and post-harvest protection benefits. We were unable to assess how long the 156 PHC will take to recover to pre-harvest levels, provide benefits after a certain period of recovery,
(ii) observations must have been independent (i.e., when multiple harvests were sampled, we 165 used data before and after the initial harvest and when multiple studies occurred in the same 166 PHC, we chose that which had the most comprehensive data).
167
A conceptual diagram was created to illustrate the theoretical functioning of a PHC and areas 168 open to fishing and the calculation of effect sizes used to assess pre-harvest protection, post-169 harvest protection and harvest benefits (Fig. 1) . In order to simplify the diagram we assume there the same level are shown to indicate a system that is in equilibrium, i.e., the overall 175 biomass/abundance in the system is not increasing or decreasing.
176
Sampling design and methods (unpublished data)
177
Surveys were carried out on reefs adjacent to five villages on Koro (Nakodu, Tuatua), Ovalau 178 (Nauouo, Natokalau) and Vanua Levu (Kiobo) islands in Fiji in 2013 and 2014. PHCs had been 179 established for 3-8 years prior to surveys, though the frequency at which they had been 180 previously harvested and level of compliance with management varied (Table 2) . Surveys were 181 carried out 1-2 days before and 1-2 days after harvests, which lasted between 1 to 7 days and 182 involved line fishing, spear fishing and/or fish drives into gill nets (Table S3) was also reported.
226
For unpublished data, species were classified as target or non-target based on whether they were 227 caught during the harvest, so that classifications were specific to each PHC (see Table S4 for a 228 full list of targeted/non-targeted species). For published studies targeted/non-targeted species
229
were designated by the authors (see Table S2 for a summary by summing the targeted and non-targeted abundance/biomass at the transect level.
233
Statistical analyses
234
Three effect sizes were developed in order to assess PHC benefits 1 to 3 in the analytical 235 framework (Table 1) . Log-ratio effect sizes and confidence intervals were used to quantify 
245
For each PHC i, the ability to deliver a post-harvest protection benefit (E a,i ), was calculated as 246 the log-ratio of the mean abundance or biomass per transect in the PHC after (Pa), ܺ ത , and the
247
Open after (Oa), ܺ ത ை, :
Variance of the effect sizes were calculated as:
where ‫ݒ‬ ா ೌ, is the variance associated with the effect size E a,i , σ Pa,I and σ Oa,i are the standard 250 deviations associated with the means ܺ ത , and ܺ ത ை, , respectively, and n Pa,i and n Oa,i , are the 251 number of transects used to calculate each mean.
252
For each PHC i, the harvest benefit (E h,i ), was defined as the difference in the mean abundance or 253 biomass between the PHC after, ܺ ത , , and before ܺ ത , the harvest, while controlling for 254 differences in Open areas after ܺ ത ை, and before ܺ ത ை, the harvest:
where ‫ݒ‬ ா , is the variance associated with the effect size E h,i , σ i is the standard deviations 257 associated with the mean ܺ ത , and n i is the number of transects summed for the PHC after (Pa),
258
PHC before (Pb), Open after (Oa) and Open before (Ob).
259
We then used a mixed effects weighted meta-analysis where weights of each individual effect 260 size incorporate these variances as follows:
where w j,i is the weight associated to each effect E j,i , v Ei,j is the within study variance of each 263 PHC benefit j (pre-harvest, post-harvest or harvest as defined above) and v j,a is the among-study 264 variance for each benefit j. In a meta-analysis framework, a mixed effect procedure is used when 265 studies are not expected to all share the same true effect (i.e. there is an among-study variation in 266 addition to sampling error; random effect) and where the effect of moderators (covariates) is 267 assessed (mixed-effect). The among study variance was obtained using the generalized equation 
285
Results
286
Pre-harvest protection benefits
287
On average PHCs provided pre-harvest protection benefits, with a 48% greater abundance and 288 92% greater biomass of targeted fishes when compared to open areas; however, these results
289
were heterogeneous, suggesting variation across PHCs (Table 3) . Pre-harvest protection benefits 290 for targeted fish abundance varied with compliance, fishing pressure outside, time closed or 291 years since establishment (Fig.2, Table S6 ). PHCs with high compliance or high fishing pressure 292 outside provided pre-harvest benefits in abundance (Fig. 2) . The pre-harvest protection benefit with high compliance provided pre-harvest protection benefits in targeted biomass (Fig. 2) . Pre-297 harvest protection benefits in targeted biomass increased by 15% per km 2 of PHC (SE = 0.045; P 298 < 0.01). On average PHCs did not provide pre-harvest protection benefits for non-targeted 299 abundance or biomass, although this result was heterogeneous (Table 3) . However, none of the 300 co-variates explained this heterogeneity (Table S7 ; Fig. S1 ).
301
Harvest benefits
302
On average there were harvest benefits with a 21% greater removal of abundance and 49%
303
greater removal of biomass of targeted species within the PHC compared to open areas during 304 harvest events, though results were heterogeneous suggesting variation across PHCs (Table 3) .
305
Harvest benefits for targeted fish abundance varied with compliance, fishing pressure outside,
306
PHC harvest effort, size, or the time closed since the previous harvest ( non-targeted abundance or biomass, although biomass results were heterogeneous (Table 3) .
317
Harvest benefits in non-targeted species increased by 11% per km 2 of PHC (SE = 0.047; P = 318 0.019; Table S7 ; Fig. S1 ). Guidetti, P., Milazzo, M., Bussotti, S., Molinari, A., Murenu, M., Pais, A., Spanò, N., Balzano, R., 544 Agardy, T., Boero, F., Carrada, G., Cattaneo-Vietti, R., Cau, A., Chemello, R., Greco, S., 545
Manganaro, A., Notarbartolo di Sciara, G., Russo, G. Vandeperre, F., Higgins, R.M., Sánchez-Meca, J., Maynou, F., Goñi, R., Martín-Sosa, P., Pérez-Ruzafa, 626
A., Afonso, P., Bertocci, I., Crec'hriou, R., D'Anna, G., Dimech, M., Dorta, C., Esparza, O., 627
Falcón, J.M., Forcada, A., Guala, I., Le Direach, L., Marcos, C., Ojeda-Martínez, C., Pipitone, C., Table S1 : Single and combined search terms used in the literature review 636 Table S2 : Methods, experimental design and species selection for each PHC study. Table S3 : Fishing pressure, compliance, harvest intensity for each PHC. Table S4 : Targeted/non-targeted species for each PHC. Abundance and biomass within the PHCs after a certain period of time is equal to or greater than prior to the harvest.
637
638
639
Ratio of the PHC after a certain period of recovery to the PHC before the prior harvest while controlling for change outside.
Multiple CI
Maintenance of post-harvest protection
Abundance and biomass within PHCs immediately after the subsequent harvest is equal to or greater than immediately after the prior harvest.
Ratio of the PHC after the subsequent harvest to the PHC after the prior harvest while controlling for change outside.
The pre-harvest protection benefit of PHCs is equal to or greater than the protection benefit of no-take marine reserves.
Ratio of inside to outside before harvests, relative to inside outside notake areas (NTMR) in the same area. Table S6 : Results of tests for model heterogeneity for targeted species (* < 0.05, ** < 0.01, *** < 0.001 or "-" = not significant). Results are only shown if tests for total heterogeneity (Qt) were significant (see Table 1 ). 
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